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The highly dependence of the global economy on fossil fuels such as oil, gas and coal does not conform to the concept of sustainable development. Fossil fuels are one of the main reasons behind the greenhouse gases (particularly carbon dioxide emissions, CO 2 ), which in turn result to global warming. Among others, climate change can cause the rising of the sea levels, the intensity of hydrological cycles and winds and the frequency of hurricanes and cyclones (Sadorsky, 2009a ). Since energy is an important factor for economic growth, a more environmental8friendly path is needed. This path can be achieved by using sustainable energy sources which will reduce the emissions and therefore the global pollution. Substituting fossil fuels with renewable energy sources (RES) appear to be the solution for this problem.
RES include solar, wind, geothermal, biomass, hydroelectricity, wave and tidal energy sources. According to Apergis and Payne (2010a) the substitution of fossil fuels with RES is taking place because of the volatility in the price of oil, the environmental pollution problem caused by fossil fuels and the independency from foreign countries the RES are offering. In addition, a number of incentives such as tax credits and renewable energy standards further promote RES (Bowden and Payne, 2010 ).
International agreements have been signed towards the substitution of fossil fuels with RES. The Kyoto Protocol which was initiated by the United Nations Framework Convention on Climate Change (UNFCC) is the most important and widely known agreement for the promotion of RES and reduction of greenhouse gases. Furthermore, the European Commission has issued the Renewable Energy Directive (2009/28/EC) which sets targets for the European Union country8members.
European Commission wishes the 20% of total energy and the 10% of transport energy to come from RES by 2020 1 . Additionally, every country member has set individual goals towards 2020.
Based on these lines our paper applies conditional data envelopment analysis (DEA) estimators alongside with bootstrap techniques and in order to investigate for the first time the renewable energy consumption economic efficiency relationship.
Specifically, we first develop the economic efficiency indicators and then we use conditional efficiency estimators to investigate the underlined relationship.
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The and GDP and they find significant evidence to support the neutrality hypothesis. The neutrality hypothesis between electricity and GDP is also supported by Ozturk and Acaravci (2010c) for eleven Middle East and North Africa countries.
Halkos and Tzeremes (2009) study the effect of electricity generation on economic efficiency using DEA window analysis and econometric panel data approaches and they find a U8shape relationship. Menegaki (2011) investigates the connection between RES consumption and GDP for 27 European countries by applying a random effects model and finds evidence for the neutrality hypothesis.
Yildirim et al. (2012) find additional evidence about the neutrality hypothesis studying the case of RES in the USA.
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In order to model countries' economic efficiency we follow Halkos and
Tzeremes (2009, 2010, 2011, 2012a) by defining countries' production function using as inputs total labor force, capital stock and as output GDP (constant 2000 $ U.S.).
The data refer to the year 2010 and have been extracted from the World Bank database 2 . However, since countries' capital stock values are not available, we have calculated them using the perpetual inventory method (Feldstein and Foot, 1971; Epstein and Denny, 1980; Nadiri and Prucha, 1996) as: 
where
is the input vector and
is the output vector. Later, Banker et al. In our case we are using the input oriented efficiency score for a unit operating at the level (x, y) which can be defined as:
The DEA efficiency score for the CCR estimator for each data point ( )
, can be calculated as:
Similarly, the DEA efficiency score for the BCC estimator allowing variable returns to scale (VRS) can be calculated as:
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It has been proven by Wilson (1998, 2000) that DEA estimators are biased by construction. In order to correct and estimate the bias of the DEA estimators, they have introduced a bootstrap algorithm (Efron, 1979 
However, according to Simar and Wilson (2008) In addition we need to avoid the bias correction illustrated in (7) unless: 
We follow the probabilistic formulation introduced by Daraio and Simar (2005 , 2007a , 2007b in order to allow in to the production process external8 environmental factors denoted as 0 ∈ℜ . They suggest that the joint distribution of (X,Y) conditional on the environmental factor Z=z defines the production process if 0 1 = . Then, the production set 
Therefore the input oriented efficiency score with an environment described by the value 1 can be defined as:
inf , 0
The production set defined by an environmental factor can be formally expressed as:
for , 
where ( )
. is a univariate kernel with compact support (Epanechnikov in our case) and is the appropriate bandwidth calculated following the approach by Bădin et al.
(2010).
Hence, we can obtain a conditional DEA efficiency measure as 6 :
The conditional DEA efficiency score under the constant returns to scale assumption can be calculated as:
such that 0, 1,...
Assuming variable returns to scale assumption additionally can be calculated as:
, inf such that 1; 0, 1,...
Then in order to establish the influence of the environmental variable (in our case the quantity of renewable energy consumption) on countries' economic efficiency scores we obtain a scatter of the ratios According to Daraio and Simar (2005 , 2007a , 2007b an increasing smoothing nonparametric regression line will indicate a negative effect of the renewable energy consumption on countries' economic efficiency levels. On the other hand, a decreasing nonparametric regression line highlights a positive effect of renewable energy consumption on countries' economic efficiency levels. Finally, a neutral effect of renewable energy consumption is denoted by a straight line. Table 2 After applying the conditional DEA estimators (in order to account for the effect of countries' renewable energy consumption levels), the results report changes both for the conditional CRS (CRS|z) and conditional VRS (VRS|z) cases. More analytically, Poland and Norway are efficient under the CRS assumption, whereas 7 In our case we use the Nadaraya (1964) and Watson (1964) nonparametric regression estimator and the least square cross8validation data driven method (Hall et al., 2004) for the bandwidth selection.
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Poland, Norway, Sweden, Switzerland, Ireland, Bulgaria, Lithuania and Germany are economic efficient under the assumption of VRS. Again as before, the biased corrected results of the conditional estimators both for CRS (CRSbc|z) and for the VRS (VRSbc|z) cases report different results compared to the original estimates.
These variations can also be observed from the descriptive statistics presented in Table 2 .
& Bias corrected efficiency scores of the conditional and unconditional DEA estimators Subfigures 1b, 1d and 1f represent in a three dimensional manner the effect of regional disparities among the examined countries 11 . As can be observed the effect of renewable energy consumption on countries' economic efficiency varies depending on countries' regional disparities. It appears that the effect on northern European countries differs compared to the southern European countries. Similarly, the same phenomenon appears between the eastern and western European countries.
9 For all the cases we are using the biased corrected efficiency results following Simar and Wilson (1998 , 2000 , 2008 . 10 The scale efficiency ratio analogous to 4 in equation (18) is calculated as: European countries (3e, 3f) reveals a slight increasing nonparametric regression line indicating a neutral effect at lower consumption levels and a minor negative effect at higher consumption levels. Finally, for eastern European countries (3g, 3h) we observe a monotonic increasing nonparametric regression line indicating a negative effect on countries' economic efficiency levels when the usage levels are higher.
Our results support clearly the in terms of renewable energy consumption and countries' economic efficiency levels. However, it must be mentioned that we found evidence that regional disparities and countries' unique characteristics can also in some extent support and hypothesis. In spite of this, a further investigation is needed incorporating the dynamic effects in a DEA analysis.
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The effect of renewable energy consumption on Northern (3a, 3b), Southern (3c, 3d), Western (3e, 3f) and Eastern (3g, 3h) E.U. countries' economic efficiency 3a 3b
3c 3d 3e 3f 3g 3h -.
Our paper examines for the first time the effect of renewable energy consumption on countries' economic efficiency levels and contributes to the existing literature investigating the renewable energy consumption-economic growth relationship. In our DEA setting we compute conditional DEA estimators incorporating directly the effect of renewable energy consumption into countries production function. The nonparametric analysis reveals economic efficiency variations among the examined countries, which are subject to the different influence of countries' renewable energy consumption levels.
Moreover, it appears that regional disparities among the examined countries are also making an impact on the direction of which the renewable energy consumption affects their economic efficiency levels. We have found evidence supporting the hypothesis. Especially for lower consumption levels the effect is positive, whereas for medium consumption levels the effect becomes negative.
Finally, for higher renewable energy consumption levels the effect on countries' economic efficiency gradually turns from neutral to positive. However, in some cases and especially for eastern and western European countries we have found evidences for the and hypothesis indicating a negative and a neutral effect of renewable energy consumption on their economic efficiency levels.
Therefore, it appears that there are different renewable energy policies among the examined countries which are subject to geographical variations and reflect their long term environmental policies. 
